Abstract : This study evaluated whether dietary supplementation of tapioca could alleviate the negative effects of palm kernel meal (PKM) on growth performance and meat quality in growing and finishing pigs. In experiment 1, 120 73-dold crossbred growing pigs [(Yorkshire × Landrace) × Duroc], with an average body weight of 31.7±4.5kg, were used in a 3-week trial. In experiment 2, 120 108-d-old crossbred finishing pigs [(Yorkshire × Landrace) × Duroc], with an average BW of 52.6±4.2kg were used in a 10-week trial. Treatments were: CON, a corn-soybean meal-based diet; PKM, 8% PKM, and TPKM, 8% PKM and 10% tapioca. No difference was observed in growth performance or meat quality among treatments in growing pigs. In finishing pigs, no difference was observed in growth performance or meat quality among CON and TPKM dietary treatments. Finishing pigs fed PKM decreases in final BW and ADG compared with those fed CON. Meat quality was not affected by dietary treatments. In conclusion, dietary supplementation of tapioca alleviated anti-nutritional effect of PKM on growth performance in growing and finishing pigs. Thus, the PKM with tapioca could be an available alternative energy source to reduce the cost of pig diets.
I. Introduction
Economic concerns about animal diets are important in the agricultural industry due to the increasing price of ingredient of diets. Many researchers in the animal industry focused on various by-products to help reduce the cost of animal diets. Such by-products can be obtained from a variety of sources; grain processing, the production of foods and beverages, and the manufacturing of fiber products has been important feed component sources for animal diets (Ponce and Gernat, 2002; Soukoulis and Aprea, 2012; Hall and Chase, 2014) .
Palm kernel meal (PKM), a by-product of the oil palm, is an important feed ingredient for ruminants rather than non-ruminants because of its low palatability, high fiber, and low availability of amino acids and energy (Rhule, 1996; Agunbiade et al., 1999; Carvalho et al., 2006) . Attempts to compensate for the negative effects of palm kernel meal on the growth performance and meat quality have been reported in pigs (Ao et al., 2011; Park et al., 2012; Son et al., 2012) . Ao et al. (2011) demonstrated that supplementation with a carbohydrase cocktail in 5% palm kernel meal diet can improve the growth performance and energy and nutrient digestibility in finishing pigs (Ao et al., 2011) . In addition, dietary supplementation of palm kernel cake with cassava mixed fermentation improved carcass weight in broilers (Sukaryana, 2013) .
consist of carbohydrates, with low in saturated fat, protein and sodium (Wu, 1991; Tzudir et al., 2012) .
It has been reported that the starch of tapioca is better digested in pig compared to maize and can be included in the diet of pigs up to a level of 50% with dis tinct economic advantage (Tzudir et al., 2012) .
Thus, the objective of the study was to evaluate whether dietary supplementation of tapioca could compensate the negative effects of palm kernel meal on growth performance and meat quality to reduce the cost of the diet for growing and finishing pigs.
II. Material and methods
The animal care and use protocol was approved by used in a 10-wk trial. Growing and finishing pigs were allotted randomly to three experimental diets with ten replicate pens with four pigs per pen (two males, two females). Dietary treatments were: CON, a corn-soybean meal-based diet, PKM, 8% palm kernel meal, and TPKM, 8% palm kernel meal and 10% tapioca (Table 1 ).
All the diets were formulated to meet the nutrition requirement (NRC, 1998) . Dietary Ca was assayed by atomic absorption spectrophotometry after wet ash procedures and P was determined by colorimetry. Amino acids content were measured using an amino acid analyzer Pittsburgh, PA, USA). The water-holding capacity (WHC) was measured according to previous report (Kauffman et al., 1986) . Briefly, a 0.2 g sample was pressed at 3000 psi for 3 min on a 125-mm-diameter filter paper. The areas of the pressed sample and expressed moisture were delineated and then determined with a digitizing area-line sensor (MT-10S, M.T. Precision Co. Ltd., Tokyo, Japan). The ratio of water:meat areas was calculated, giving a measure of WHC (a smaller ratio indicates higher WHC). The loin muscle area (LMA) was measured by tracing the loin muscle surface at the 10th rib, which also used the above-mentioned digitizing area-line sensor. Drip loss was measured using a-2-g meat sample according to the plastic bag method (Honikel, 1998) .
All data were subjected to statistical analyses as a randomized complete block design using the GLM procedure of the SAS software (SAS Institute, 1996) , with the pen as the experimental unit. Variability in the data was expressed as the pooled standard error (SE). A p value ＜ 0.05 was considered to indicate statistical significance.
III. Results
In experiment 1, no difference was observed in final BW, ADG, ADFI, or G:F ratio among the dietary treatments (Table 2) . Back fat thickness and lean meat percentage showed no effect of PKM and PKM with tapioca supplementation during the entire experiment (Table 3) . In experiment 2, finishing pigs fed PKM had lower BW at 10wk and total ADG compared those fed CON (P＜0.05). However, finishing pigs fed with PKM with tapioca had no difference on growth performance (Table 4) . No difference was observed in back fat thickness or lean meat percentage among the dietary treatments (Table 5 ). There are no differences on meat quality such as pH, LMA, WHA, meat color, marbling, firmness, and drip loss during the experimental period among the dietary treatments (Table 6 ).
IV. Discussion
Grains, such as soybean, wheat, and corn, are important feed ingredients for pigs and thus strongly influence the cost of animal production. Increasing demand for major grain meals has resulted in an increase in the cost of pig diets (Laudadio and Tufarelli, 2010) . Many attempts to replace major grain meals with lower cost ingredients have been made. By-products generally have been important feed components in animal diets to help reduce the cost of animal diets. Palm kernel meal, a by-product of palm oil, is an attractive ingredient for pig diets, due to its low cost compared with ingredients such as maize grain and soybean.
However, despite its low cost, palm kernel meal has been used for ruminant feed, rather than pig feed, due to its high fiber content, low energy digestibility, and ME contents.
It is well known that growth performance is decreased by supplementation with palm kernel meal in pig diets (Rhule, 1996; Kim et al., 2001) . Indeed, the inclusion of palm kernel meal in pig diets tended to decrease growth performance, likely attributable to the high non-starch polysaccharide content, to the low palatability of the meal, and its low amino acids and energy digestibility (Kim et al., 2001) . To overcome the negative effects of palm kernel meal, we used palm kernel meal with tapioca meal in growing and finishing pig diets. In the present study, supplementation of palm kernel meal with tapioca had no effect on growth performance compared with only palm kernel meal supplementation in the growing and finishing pigs. The tapioca is a starch extracted from cassava root and used as energy source in pig diets (Wu, 1991; Tzudir et al., 2012) . It has been reported that the tapioca consist of low saturated fat and protein and high carbohydrates such as starch that is better digested in pig compared to maize and can be included in the diet of pigs up to a level of 50% Lightness: measure of lightness to darkness (a larger number indicates a lighter color); redness: measure of redness (a larger number indicates a more intense red color); and yellowness: measure of yellowness (a larger number indicates more yellow color).
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with distinct economic advantage (Tzudir et al., 2012) . Also in previous studies, enzyme complex supplementation in palm kernel meal diets could improve growth performance in broilers (Chong et al., 2008) and pigs (Ao et al., 2011) . Application of a carbohydrase cocktail to facilitate the breakdown of non-starch polysaccharides in 5% palm kernel meal diet could improve the growth performance and energy and nutrient digestibility in finishing pigs (Ao et al., 2011) .
Meat quality was determined by important parameter that is surface exudates expressed as water holding capacity or drip loss, ultimate pH and color (Lee et al., 2000) . In the present study, supplementation of palm kernel meal with tapioca has no negative effect on the meat quality in finishing pigs. In agreement with present study, many researchers reported that meat color, WHC, drip loss, and PH were not affected by dietary supplementation of palm kernel meal in pig diets (Kim et al., 2001; Ao et al., 2011) . However, the marbling score was decreased in inclusion of the 5% palm kernel meal with carbohydrase cocktail in finishing pigs in which be attributed to the high fiber level of palm kernel meal, which may decrease the intramuscular fat (Ao et al., 2011) . In the present study, back fat thickness, lean meat percentage, and fecal score were not influenced by supplementation of palm kernel meal with tapioca in growing and finishing pigs. In previous studies, the palm kernel meal fed finishing pig had no effect on back fat thickness, lean meat percentage (Ao et al., 2011; Lee et al., 2013) .
V. Conclusion
The present study indicated that dietary supplementation of palm kernel meal with tapioca could compensate anti-nutritional effect of palm kernel meal on the growth performance in growing and finishing pigs. Thus, the palm kernel meal with tapioca could be a candidate alternative energy source to reduce the cost of pig diets.
